Introduction
Soil moisture is one of the requirements for photosynthesis and is very significant for plant growth, it serve as nutrients solvent for plant and also moderate plant and soil temperatures. It allows the flow of nutrients to several portions of the crop-plant, control of soil aeration and provides advantageous conditions for bacteria in soils (Jones, 2013) . In developing countries like Ghana crop production solely depends on rain fed owing to the deficiencies of irrigation. The actual rainfall relies on the amount of rain drop and the frequency at which water is lost by water runoff , drainage and soil surface evaporation (Zech and Hintermaier-Erhard, 2014; Shaw, 2014) . Soil surface water evaporation and plant transpiration are the main drivers of soil-water lost during hash condition particularly the hot and dry areas (FAO, 1998) . According to Jaiswal (2014) , famers can slightly control moisture in soils since transpiration deals with physiological process of crops yet, the physical processes such as evaporation can be reduced through best practices of soil management.
Soil moisture lost via soil surface evaporation is vital in hash environment (dry areas) especially when water availability is a drawback to agriculture production. Shaw (2014) stated that, soil moisture loss via evaporation and runoffs averagely amounts to 63% of rainfall misplaced in semiarid area. Consequently, soil evaporation might be an imperative reason for water cycle in the tropics. Ampofo (2006) stated that the quantity of soil moisture which can be lost via evaporation relies on the air evaporative power, soil pore size distribution and the quantity of moisture that surface can grip against drainage. Consequently, soil-moisture evaporation can be reduced with the aid of soil cover. Okin (2008) suggested that residues from crop can be used as mulch on agricultural lands to decrease evaporation. The application of charcoal to degraded soils is considered outdated subsequently to the development of inorganic fertilizers. Nonetheless, owing to the adverse effects of inorganic fertilizers on recent agricultural soils, climate change and the alarm for atmospheric carbon increase, globally a new attention is engrossed on charcoal-based soil improvement (Chia et al., 2010) . Considerably, the attention is focused on biochar. There are assertions that biochar can provide: higher yields of crop, reduce the supplies of fertilizer, improved activities of microbes in the soil, and the emission of greenhouse gases in fields are reduced, modification of drought, increase soil water-holding capacity and organic carbon content in soils are increased, thus the physical soil properties are improved. Additionally, numerous studies have been conducted on the benefits of biochar soil modification via, carbon sequestration (Gaunt and Lehmann, 2008; Lal, 2008; Lehmann et al., 2006; McHenry, 2009) . Singh et al. (2010) recommended that the improved porosity of biochar intensifies soil-moisture retention, depending on the biochar feedstock, type of soil, and rate mixed in soils. Novak et al. (2009) affirmed that the water holding capacity of a loamy sand soil is increased when 2% mixture of switch grass biochar was added to the soil. The concern was to understand varied impacts of temperature and feedstock on the water-holding capacity of biochar at a rate of 2%. Biochar has the capacity to increase soil water holding capacity in areas that are prone to drought (Karhu et al., 2006) . Sohi et al. (2009) briefly noted recent information's on biochar and established that the area deficient in research was soil water holding capacity.
In Ghana rainfall pattern is unreliable, erratic and seasonal and mostly not adequate for crop-water use. Correspondingly, soils in the savanna Agro-ecological zone are commonly coarse and medium textured. In the mainstream, the land available is naked and tolerable to weed growth particularly throughout the dry period. Nonetheless, the inadequate proof of the consequence of soil improvement through good practices on soil-moisture content evident. Consequently it is essential to accrue information concerning the conservation of moisture in soils for crop use. The purpose is therefore to investigate the influence of rice husk biochar on water holding capacity of soils in the savannah ecological zone of Ghana.
Materials and Methods
A scientific research was carried-out at the research fields of Savannah Agriculture Research Institute (SARI) in Nyankpala. Nyankpala is located at the TolonKumbungu District of the Northern Region of Ghana within the Guinea Savannah Agro-ecological Zone. SARI lies between latitude 9 o 25′ N and longitude 00 o 58′ W. The vegetation is an original wooded savannah and the soils are red to reddish brown, well-to moderately well drained and medium to light texture that occur usually on summits to middle slopes. Soil reaction ranges from near neutral to moderately acid (pH 6.5-5.5). The soil belongs to Savannah Ochrosols and is classified into Luvisol, Lixisols and Acrisols (Bationo et al., 2008) . The rainfall pattern is unimodal, occurring between May and October which peaks in August and September. The average annual rainfall is about 93.9 mm and the season lasts for a period of six months mostly (April-September). Maximum temperatures are experienced during the months of March to April, whilst the lowest temperatures are experienced in December when the north east-trade winds push the Inter Tropical Convergence Zone further south. Mean monthly minimum and maximum temperatures are 26.6°C and 35.6°C respectively while the mean annual temperature is 29.7°C (SARI, 2016) .
Experimental Design Plots of 12.8 m × 12.8 m were demarcated with three main plots and in each main plot a four sub plots of 6.4 m × 6.4 m were demarcated and replicated three times in a Split plot design. Main plots were pegged and separated from each other by two m whiles the subplots were separated from each other by one m. Three treatments (0 t/ha, 2 t/ha and 4 t/ha) rice husk biochar were applied to the main plots and four (4) levels of inorganic nitrogen fertilizer (0, 30, 60 and 90kgN/ha) was also applied on sub plot and with each sub plot receiving a basal fertilizer application of 30 kg P/ha and 60 kg K/ ha to confirm sufficient amount of essential nutrient to crops. There are twelve (12) treatments and three (3) replications. The rice husk biochar were added to the soil by broadcasting and physically integrated to the soil by a hoe at a depth of 10 cm.
Biochar
The biochar used in the study was obtained from soil research institute Kumasi-Kwadaso, Ghana. It was produced from rice husk under a temperature of 500°C. The chemical composition of the biochar was: Org C, 33.3%; pH, (H2O), 6.51; P, 0.63 mg/kg; Ca, 2.32 mg/kg; Mg, 0.89 mg/kg; Na,0.23 mg/kg; Al, 3.69 mg/kg; Fe, 1.20 mg/kg; N, 0.67% and Ash 52.13.
Soil Moisture Content
The measurements were performed with 5TM dielectric sensor (Decagon Devices, Pullman, USA). The sensor was installed in 0-12 cm depth of each subplot and measurement was done three times in each subplot to determine the volumetric water content. The soil moisture content data was collected in five minute interval and stored using EM 50 data loggers.
Soil moisture content was measured every two weeks from the 4 WAP to 8 WAP.
Data Analysis
The data collected were subjected to a two-way split plot ANOVA using GenStat statistical software and the test treatments were differentiated using Least Significant Differences at 5% probability level.
Results
Interaction between biochar and inorganic fertilizer N resulted in significant difference in soil moisture content (SMC). The volumetric soil moisture content varied between 18 and 27% during the experiment. Soil moisture content increased with increased rate of biochar application at 4 WAP. At 5 WAP, SMC generally increased at 4t/ha biochar with 4t/ha biochar + 90 kgN recording the highest SMC (Fig.2) . Soil moisture content (SMC) increased in the order control < 2t/ha biochar < 4t/ha biochar along increasing rate of inorganic nitrogen application. Furthermore, 4t/ha biochar + 90kgN has significantly higher SMC than lower rates of biochar treatments with same inorganic nitrogen at 4 and 5 WAP. However, the trend changed at 6 and 7 WAP where 4t/ha biochar + 30 kgN recorded the highest SMC ( Fig.1) and (Fig.2) . At 8 WAP 4t/ha biochar + 60kgN recorded the highest soil moisture content (Fig.3) .
Discussion
The volumetric moisture content of soil ranges from 18% to 27% throughout the experiment. The tendency of moisture content in soils improved with the rate of biochar application at 4 WAP. There was significant difference (P≤ 0.05) in the means of soil moisture content between treatments.
The central contrivance behind the increased soilwater holding capacity and improved saturated hydraulic conductivity can be attributed to the modification of the soil's pore system (Healy, 2010) . Sandy soils have low water holding capacities, due to a dominant macro-and meso-pore systems present, with little to no organic material and/ or clay at hand (Healy, 2010; Strudley et al., 2008) . Asai et al. (2009) conducted a field studies and found that applying biochar to upland rice paddies, improved soil water permeability and water holding capacity. They also found that biochar amendment improved the saturated hydraulic conductivity.
Since biochar has high amount of micro and meso pores in which strong capillary forces are effective, large amounts of water can be stored by biochar. This could be the reason for soil water content being high in 4t/ha biochar at 4 to 5 WAP. However, the trend changed from 7 to 8 WAP where the 4t/ha biochar treatment had high values of moisture content (Fig 4 and 5) . This might be due to the reason that high rainfall was recorded at that time and this affected all the treatments, however 4 t/ha biochar treatments obtained higher values respectively.
Conclusions
Rice husk biochar had a positive impact on waterholding capacity at increasing rates of biochar Additionally, 4t/ha biochar + 90 kgN had significantly higher water-holding capacity than lower rates of biochar treatments with same inorganic nitrogen. It can be deduced from this study that small holder farmers can apply biochar to condition the soil and to improve water-holding capacity of soils.
